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Thisinv, ention .relates to the, mnufçture of 
perhalocarbons. In one of ifs aspects, this inven- 
.riC: relates to the polymerization of trifluor0, 
,chloroethylene £o produce a normally solid poly- 
mer:of high chemical and physical stab, i!ity 
Under suitable reaction conditions triflu0ro- 
chloroethylene can be polymerized to prodce a 
normally, solîd polymer or plastic of good ph:scal 
,and ,ehemical properies and .suiable for mold- 
,ing. aticles of manufacture. Af the pçesent time, 
 polymerization ,of trifluorochloroethylene to pro- 
duce solid polymers.is effected in a batch man- 
ner in,a bomh.,type reaction vesse!. The .monomer 
is intxoduced in£o the bomb togeth.er wih a sm',- 
able pr, omoter and polymerizatlon is effe¢ted 
therein at a..temperature of about --16 ° C. :for 
,a. :period oI about seven days. The raonomer n 
the bomb is converted to.a. porous plug of so]id 
,pol:¢mer with approximately 33 per cent yie!d of 
laOly, me:based:on the,monomer charged. nre- 
,acted :monome is _occ],udedAn th.e, interstices of 
the porous :plug and: is remaved, therefrom by 
heating the reaction, vessel tova.poate themono- 
mer from the solid po]ymer plug. After the 
monomer bas been evaporated rom the po!yme r 
,llug,. the-plug i r.emoved from the eacton. ves- 
. sel,:broken into.chips or-ranule a!d then molded 
.for.th desied ptu'poÇe, 
The appara£us,cur.rently emp!0yed t0 effect the 
process described .above is a. cylindrical vessel or 
bomb appoximatel:y 6 inches ,in inside diameter 
sUrounded-by ,a, cooling liquid. Because of the 
poer hea tansfer of the p0!ymeç it-iS neces- 
sary tomainain-thecooling bath and thereby the 
, reaction Vessel aa.,temperatm'e:materially,belw 
te optimum pÇ!ymerization temperature t 0 avoid 
overheating of the r,eactantsand polymer in the 
:center,0f the reaction vessel. Experiments in res- 
sels of smaller diameter bave indicated tha_t the 
te!perature can be increased and hence the av- 
erge temPerature of the matèrial, without in- 
crëaseAn  the maximum temperatm'e of the ma- 
terial a the center of' the vessel. An increase in 
the aveçage temperatur e of polymerization 
creases the rate of ,polymerization and results 
generatly in a shooter  period of time to obtain 
an ,economic yield of solid polymer product. 
There is also indication .that the quality ,of :the 
solid pol,ymer produced at £he higher £empera- 
tures ,,with the smaller vessels is impoved as the 
result:,ofthe greater uniformity 0f tmperatm'e 
characrized by:thee salleç vesse, However, 
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!engh Of the vessel must be !imited to enale 
ea, ÇY: era0al; .of thë solid pol:¢mer, P!ug. If. i, 
 tçep,r.e:, mueh.to be desired o provide á method 
nïpp.aratus:0r 0vCc0ming. the abovein herent 
5 d,ictie.s., of heat transïer in the production Of 
n0m!]$ So!d po!y.,mes oï tifl, uçr0chloiothYl: 
e.ne... 
The 0bje¢t,-0f this invention is t0 provide..a 
m. ethod, for. removig the heat of pol:merization 
!0 ç!ing the .po.lymeization of trifluorochloo: 
ethylene. 
Anothe object .Of this invention is to prov, ide 
a process for the p0iymerizati6n of a fluoro, 
c!loro-olefln fo produce a nomally s01id'polymer. 
15 Another object is to provide a method and ap- 
paratu s for improving the quality of solid poly- 
mers:prod!ced from trifluorochloroethylene. 
Still another object of thi s invention is to pro- 
Fide a metho d for adequate control of the tem- 
20 peratm'e of reaction in the polymerization of tri, 
,fluorochloroethylene. 
Various 0,ther objects and advantages of the 
,present invention will become apparent to those 
skfi!ed in the art.from the accompanying descriP- 
25 tionand disc!osure. 
 As heein mployed, a perhalocarbon is deflned 
 a a compund consisting substantially of carbon 
and halogen with any degree of satm'ation. A 
fluorochloro-olefin is deflned as a perhalocarbon, 
00 parti¢ular!y a perhalo-olefin, with any degree of 
unsatuati0n consisting of fluorine, carbon, and 
as çegards this invention hot more than one 
chl0çine atom per atom of carbon " " 
According t? this invention, a. perfluorochl0ro- 
3.5 çlefln: paticularly trifluorochloroethylene, is 
Po!ymerized in the presence of a liquid diluent 
which is evaporated under the conditions of poly- 
meizon hereby the heat of polymerization s 
removed, as latent heat of vapori¢,ation 
. A diluent suitable ,for the above purpose ac- 
cording fo th teachins of this invention is a 
li,quid which bas, a boiling point below that of the 
mn0mer which is about --26 fo --28 ° C. at at- 
.mospheriç pressm'e, preferably a boiling point at 
least 10 ° C. below that of the monomer at the 
pressures and temperatures employed during the 
lo!ymerization. It is preferred that the diluent 
bave a boi!ing point hot more than 100 ° C. below 
 that of th e monomer for, best results according 
50 fo this invention. Furthermore, the diluent must 
be onë Which. does hot bave injurious effect on 
the désired polymerization reaction and prefer- 
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reduction in the diameter of, the reactin ,ces:sel ably the diluent is substantially inert or non-re- 
or bomb reduces the am0unt ,of raaterial which active, although the .use of a diluent in the man- 
can be .produced .for a given charge since the 55 nerdescribëd herein which enters into the reac- 
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tion or acts as a promoter is within the scope of 
this invention. A particularly suitable diluent 
is a saturated low-boiling hydrocarbon, such as 
ethane or propane, because the diluent is im- 
miscible with the polymer product. Other dilu- 
ents comprise saturated halogenated hydrocar- 
bons, such as trifiuorochloromethane, trifiuoro- 
methane, difiuorodichloromethane, chlorodi- 
fiuoromethane, methyl fiuoride, chloropenta- 
fiuoroethane, hexafiuoroethane, trifiuorooethane, 
and ethyl fiuoride. Unsaturated compeunds are 
undesirable because they polymerize under the re- 
action conditions of this invention and thus con- 
taminate the product. Oxygen-containing com- 
pounds and the amines are also undesirable as 
diluents because they inhibit the polymerization 
of trifiuorochloroethylene. 
The quantity of diluent employed is in a vol- 
ume ratio of liquid diluent to liquid monomer 
charged of about 1:1 to about 10:1, preferably 
about 2:1 to about 3:1. Using a diluent such as 
propane in the preferred ratio results in a permis- 
sible increase in the pelymerization reaction tem- 
perature for the production of solid polymers of 
at least 10 ° C. as the result of the uniform con- 
ditions of temperature maintained throughout 
the pelymerization reaction mixture. The tem- 
perature may be raised as high as room tempera- 
ture when using superatmospheric pressures 
without adverse effect upen the chemical and 
physical characteristics of the solid pelymer pro- 
duced and with greatly shortened time of poly- 
merization required. 
For a better understanding of the present in- 
vention reference will be made fo the accom- 
panying drawing which diagrammatically illus- 
trates an arrangement of apparatus in elevation 
for the production of normally solid polymers of 
trifluorochloroethylene. According fo the draw- 
ing the trifluorochloroethylene monomer is in- 
trduced into the reaction vessel or bomb 3 through 
conduit 7. A suitable catalyst or promoter, such 
as an organic peroxide, fo be discussed more fully 
later is also introduced into reaction vessel 3 
through conduits 4 and 7. Simultaneously or 
aïter the introduction of the monomer and cata- 
lyst a suitable diluent, such as propane, is in- 
troduced under pressure into reaction vessel 3 
through conduits 0 and 7. The amount of pro- 
pane introduced is about 3:1 on a volume ratio 
basis with regard fo the monomer charged. Af ter 
the reaction vessel bas been charged with the 
monomer promoter and diluent, the vessel is 
sealed and maintained ai a reaction tempera- 
ture of about 0 ° C. and ai a pressure of about 68 
 peunds per square inch gage, which corresponds 
fo the vapor pressure of propane ai 0 ° C. The 
liquid phase of monomer, diluent and promoter is 
agitated by means of stirrer 8 and the reaction 
effected. Upon the liberation of heat of polymer- 
ization, proPane is evaporated at the above de- 
signated temperature and pressure conditions 
whereby the heat of polymerization is absorbed as 
latent heat of vaporization. Vapers of propane 
are continuously passed from reaction vessel 3 
through conduit 9 to condenser  . In condenser 
J the propane is condensed at the prevailing 
pressure and the heat of vaporization removed 
therefrom. Condensate ispassed from condenser 
  to accmnulater 2. From accumulator 2 the 
liquid propane is returned fo reaction vessel 3 
continuously or intermittently by means of a 
pump, not shown. 
As the polymerization progresses, particles of 
solid polymers are formed and are suspended in 
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the reaction mixture in vessel 3. Thesë blld 
particles may be retained in vessel 3 and at the 
end of a predetermined polymerization period al- 
lowed to settle and removed therefrom through 
5 conduit 4. In one embodiment the solid par- 
ticles oï polymer are continuously removed as 
formed from vessel 3 as a slurry with unreacted 
monomer and diluent. This slurry is passed 
through a settling zone or a conventional fllter 
10 for removal of the solid polymers. Thereafter the 
liquid comprising diluent and unreacted monomer 
is recycled fo reaction vessel 3. In this latter 
embodiment fresh monomer and catalyst may be 
continuously introduced into the reaction vessel. 
1, The monomer trifluorochloroethylene is pre- 
pared by the dechlorination of trifluorotrichloro- 
ethane in the presence of zinc dust and a solvent 
for the metal halide fol'med.. A suitable tem- 
perature of reaction for the dechlorination reac- 
20 tion for preparing the monomer is between about 
0ï C. and about 150 ° C. and a corresponding pres- 
sure fo maintain the trifluorotrichloroethane in 
the liquid phase. Suitable solvents for the de- 
chlorination of trifluorotrichloroethane comprise 
25 water, methyl ethyl, n-propyl and n-butyl alco- 
hols, dioxane, glycerol, butyl carbitol and the cel- 
losolves. 
In the polymerization of trifluorochloro- 
ethylene fo produce normally solid polymers, var- 
30 ious organic peroxides may be used as the pro- 
moter, preferably dissolved in a solvent fo facili 
tare handling and mixing in the reaction zone. 
Such organic peroxides comprise bistrichloro- 
aceyl peroxide, trifluoroacetyl peroxide, difluoro- 
35 chloroacetyl peroxide, benzoyl peroxide, chloro- 
acetyl peroxide, and dichlorofluoroacetyl per- 
oxide. The preferred promoter ls bis-trichloro- 
acetyl peroxide. Suitable solvents for dissolving 
the solid organic peroxide promoter comprise tri- 
40 chlorofluoromethane, difluoro dichloromethane, 
trifluorochloromethane, pentafluorochloroethane, 
trichlorotrifluoroethane, dichloropeffluorocyclo - 
butane, and perfluoroheptane. 
When using bis-trichloroacetyl peroxide, be- 
45 tween about 0.01 and about 0.15 per cent of the 
peroxide based on the monomer charged is em- 
ployed. A reaction temperature between about 
--20 ° C. and about 150 ° C. is suitable for produc- 
ing normally soli'd products, preferably a reac- 
50 tion temperature between about --15 and about 
25 ° C. The pressure employed corresponds to 
the pressure required ai the predetermined poly- 
merization temperature fo maintain the diluent 
in a state of boiling in the reaction zone so as 
55 fo remove the heat of polymerization as latent 
heat of vaperization of the diluent. The pressure 
employed is thus equivalent fo the vapor pres- 
sure of the diluent at the desired polymerization 
temperature. 
60 After recovery of the normally solid polymer, 
the polymer may be ïurther treated, such as by 
fluorination or pyrolysis, without departing from 
the scope of this invention. 
In some instances it may be desirable to cool 
the reaction vessel by indirect heat exchange as 
well as by the vaporization of the diluent. In 
such circumstances the vessel may be surrounded 
by a cooling medium such as a naphtha0 main- 
70 tained ata desired low temperature. A conven- 
tional cooling coil may also be used, which coil 
may be inserted in the reaction mixture or sur- 
round the reaction vessel itself. 
Nitrogen or other inert gas may be used to 
7 pressure up the system by injecting a stream into 
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the vapor space in the reaction vessel without 
departing from the scope of this invention. 
As used herein in its broadest sense, the terre 
Dolymerization includes co-polymerization of per- 
halo-olefins. 
As the process of this irivention can be applied 
fo the polymerization of other perchlorofluoro- 
olefln whose physical and chemical characteris- 
tics lend themselves to the invention described, 
the specific examples of conditions, reactants and 
materiaIs would hot be construed as to unneces- 
sarfly limit the invention. Certain control equip- 
ment, such as temperature controls, pressure con- 
trols, liquid level controls and storage facflities 
bave been omitted from the drawing as a marrer 
of convenience and clarity. 
Having described my invention, I claire: 
1. Thi process for polymerizing trifiuorochloro- 
ethylene to produce a normally solid polymer of 
superior chemical and physical characteristics 
which comprises polymerizing trifiuorochloro- 
ethylene in a reaction zone in the presence of a 
polymerization promoter comprising a halogen 
substituted acyl peroxide and a liquid diluent 
selected from the group consisting of a saturated 
hydrocarbon and a saturated halogenated hydro- 
carbon having a bofling point at least 10 ° C, lower 
than the monomer af a temperature of polymer- 
ization between about --20 and about 25 ° C. and 
at a pressure corresponding substantially to the 
vapor pressure of the diluent at said polymer- 
ization temperature whereby heat of polymeriza- 
tion of said trifluorochloroethylene is removed 
as latent heat of vaporization of said diluent, the 
quantity of diluent employed being a volume ratio 
of liquid diluent to liquid monomer of about 1:1 
fo about 19:1, and maintaining the monomer and 
diluent in admixture as a pool of liquid substan- 
tially co-extensive with said reaction zone. 
2. The process of claire 1 in which said diluent 
s a saturated hydrocarbon. 
3. The process of claire 1 in which said diluent 
is a saturated halogenated hydrocarbon. 
4. The process of claire 1 in which said diluent 
is proçane. 
5. The process of claire 1 in which said diluent 
is trifluorochloromethane. 
6. The process of claire 1 in which said diluent 
is difluorodichloromethane. 
7. The process for polymerizing trifluorochloro- 
ethylene to produce a normally solid polymer of 
superior chemical and physical characteristics 
which comprises polymerizing trifluorochloroeth- 
ylene in a reaction zone in the presence of a 
polymerization promoter comprising bis-tri- 
chloroacetyl peroxide and a liquid diluent selected 
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from the group consisting of a saturated hydro- 
carbon and a saturated halogenated hydrocarbon 
having a boiling çoint at least 10 ° C. lower than 
the monomer at a temperature of polymerization 
5 between about --20 and about 25 ° C. and at a 
pressure corresponding substantially to the vapor 
pressure of the diluent af said polymerization 
temperature whereby heat of polymerization of 
said trifluorochloroethylene is removed as latent 
10 heat of vaporization of said diluent, the quantity 
of diluent employed being a volume ratio of liq- 
uid diluent to liquid monomer of about 1:1 to 
. about 10:1, and maintaining the monomer and 
diluent in admixture as a pool of liquid substan- 
15 tially coextensive with said reaction zone. 
8. The process for polymerizing trifluorochloro- 
ethylene to produce a normally solid polymer of 
superior chemical and physical characteristics 
which comprises polymeriziDg trifiuorochlo'oeth- 
20 ylene in a reaction zone in the presence of a 
polymerization promoter comprising bis-tri- 
chloroacetyl peroxide and propane as a diluent 
at a temperature of polymerization between 
about --20 ° C. and about 25 ° C. and at a pressure 
25 corresponding substantially to the vapor pressure 
of the diluent at said polymerization tempera- 
ture whereby heat of polymerization of said tri- 
fiuorochloroethylene is removed as latent heat of 
vaporization of said diluent, the quantity of dil.u- 
30 ent employed being a volume ratio of liquid dilu- 
ent to liquid monomer of about 1:1 to about 10:1, 
and maintaining the monomer and diluent in 
admixture as a pool of liquid substantially coex- 
tensive with said reaction zone. 
35 9. The process of claire 8 in which said poly « 
merization temperature is about 0 ° C. and said 
pressure is about 68 pounds per square inch gage. 
JOHN M. WRIGHTSON. 
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